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DESCRIPTION 

NETWORK ANALYZER, NETWORK ANALYZING METHOD, 
PROGRAM, AND RECORDING MEDIUM 

TECHNICAL FIELD 

The present invention relates to a network analyzer used to calculate 
and measure circuit parameters of a device under test. 

BACKGROUND ART 

There has conventionally been practiced measurement of circuit 
parameters (such as the S parameters) of a device under test (DUT). A 
description will now be given of the measurement method of the circuit 
parameters of a device under test (DUT) according to the prior art with 
reference to FIG. 25. 

A signal at frequency fl is transmitted from a signal source 110 to a 
receiving unit 120 via a DUT 200. The signal is received by the receiving 
unit 120. It is assumed that the frequency of the signal received by the 
receiving unit 120 is f2. It is possible to acquire the S parameters and 
frequency characteristics of the DUT 200 by measuring the signal received 
by the receiving unit 120. 
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On this occasion, measuring system errors are generated in the 
measurement due to mismatching between a measuring system such as the 
signal source 110 and the DUT 200, and the like. These measuring system 
errors include Ed= error caused by the direction of a bridge, Er: error caused 
by frequency tracking, and Es^ error caused by source matching. FIG. 26 
shows a signal flow graph relating to the signal source 110 if the frequency fl 
= f2. RF IN denotes a signal input from the signal source 110 to the DUT 
200 and the like, Slim denotes an S parameter of the DUT 200 and the like 
acquired based on a signal reflected from the DUT 200 and the Eke, and SI la 
denotes a true S parameter of the DUT 200 and the like without the 
measuring system errors. 

If the frequency fl = f2, the errors can be corrected in a manner 
described in a patent document 1 (Japanese Laid-Open Patent Publication 
(Kokai) No. H 11-38054), for example. The correction in this way is referred 
to as calibration. A brief description will now be given of the calibration. A 
calibration kit is connected to the signal source 110 to realize three types of 
states: open circuit, short circuit, and load (standard load Z0). In these 
states, a signal reflected from the calibration kit is acquired by a bridge to 
acquire three types of the S parameter (Slim) corresponding to the three 
types of states. The three types of variable Ed, Er, and Es are acquired from 
the three types of the S parameter. 

However, the frequency fl may not be equal to the frequency £2. For 
example, the DUT 200 may be a device providing a frequency conversion 
function such as a mixer. FIG. 27 shows a signal flow graph relating to the 
signal source 110 if the frequency fl is not equal to the frequency f2. 
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Though Ed and Es are the same as those of the case where the frequency f 1 
and the frequency £2 are equal to each other, the Er is divided into Erl and 
Er2. Since the calibration as described in the patent document 1 acquires 
only the three types of S parameter (Slim), only Ed, Es, and Erl * Er2 can be 
acquired. Thus, Erl and Er2 cannot be acquired. 

Moreover, if the frequency f 1 and the frequency f2 are not equal to 
each other, measuring system errors due to the receiving unit 120 are not 
negligible. FIG. 28 shows a signal flow graph if the signal source 110 and 
the receiving unit 120 are directly connected with each other. S21m denotes 
an S parameter of the DUT 200 and the like acquired based on a signal 
received by the receiving unit 120. As shown in FIG. 28, there are 
generated measuring system errors Et and EL caused by the receiving unit 
120. These errors cannot be acquired by the calibration as described in the 
patent document 1. 

Therefore, if the frequency fl is not equal to the frequency £2, the 
errors are corrected as described in a patent document 2 (WO 03/087856, 
Pamphlet). First, three types of calibration kits (open circuit, short circuit, 
and load (standard load 20)) are connected to a signal source. This is the 
same as the method described in the patent document 1, and Ed, Es, and 
Erl ♦ Er2 can thus be acquired. The signal source is then connected to a 
power meter. Based on a result measured by the power meter, Erl and Er2 
can be acquired (refer to FIG. 6 and FIG. 7 in the patent document 2). 
Further, the signal source and a receiving unit are directly connected with 
each other, and Et and EL can be acquired based on a measured result on 
this occasion (refer to FIG. 8 and FIG. 9 in the patent document 2). 
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It should be noted that the transmission tracking error is defined as 
Erl • Et. According to the method described in the patent document 2, Erl 
and Et can be measured, and the transmission tracking error Erl • Et thus 
can be acquired. 

However, when the transmission tracking error Erl • Et is acquired 
according to the method described in the patent document 2, it is necessary 
to use a power meter to measure Erl. Since the power meter is used, it is 
not possible to acquire the phase of the transmission tracking error. 

An object of the present invention is to correct errors of a measuring 
system so as to acquire the phases of the transmission tracking errors. 



DISCLOSURE OF THE INVENTION 



According to the present invention, a network analyzer includes : a 
measuring system error factor recording unit that records a measuring 
system error factor generated independently of a frequency conversion by a 
device under test; a correction coefficient output unit that outputs measured 
first coefficients and second coefficients of a correction frequency converting 
element wherein a signal output from one terminal is represented as a sum 
of a product of a signal input to the terminal and the first coefficient and a 
product of a signal input to the other terminal and the second coefficient, and 
a ratio of the magnitudes of the second coefficients is constant; and a 
transmission tracking error acquiring unit that acquires a transmission 
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tracking error generated by the frequency conversion based on the 
measuring system error factor recorded in the measuring system error factor 
recording unit, and the first coefficients and the second coefficients output by 
the correction coefficient output unit. 

According to the thus constructed invention, a measuring system 
error factor recording unit records a measuring system error factor 
generated independently of a frequency conversion by a device under test. 
A correction coefficient output unit outputs measured first coefficients and 
second coefficients of a correction frequency converting element wherein a 
signal output from one terminal is represented as a sum of a product of a 
signal input to the terminal and the first coefficient and a product of a signal 
input to the other terminal and the second coefficient, and a ratio of the 
magnitudes of the second coefficients is constant. A transmission tracking 
error acquiring unit acquires a transmission tracking error generated by the 
frequency conversion based on the measuring system error factor recorded in 
the measuring system error factor recording unit, and the first coefficients 
and the second coefficients output by the correction coefficient output unit. 

According to the present invention, it is preferable that if the first 
coefficients are Mil' and M22', the second coefficients are M12' and M2T, a 
signal input to a first terminal is al, a signal output from the first terminal 
is bl, a signal input to a second terminal is a2, and a signal output from the 
second terminal is b2 in the correction frequency converting element, 

bl =Mll'Xal+Ml2'Xa2 

b2 = M2 1* x al+M22' x a2, and 

iMl2'|/lM21'| is constant. 
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According to the present invention, it is preferable that the 
magnitudes of the second coefficients are the same for either of the 
terminals. 

According to the present invention, it is preferable that the network 
analyzer further includes^ an input signal measuring unit that measures an 
input signal parameter relating to an input signal input to the device under 
test before the measuring system error factor is generated; a plurality of 
ports that are connected to a terminal of the device under test, and output 
the input signal; and a device-under-test signal measuring unit that 
measures a device-under-test signal parameter relating to a 
device -under-test signal input from the terminal of the device under test to 
the port. 

According to the present invention, it is preferable that the correction 
coefficient output unit acquires the first coefficients and second coefficients 
of the correction frequency converting element according to a ratio of the 
input signal parameter measured by the input signal measuring unit and the 
device-under-test signal parameter measured by the device -under-test signal 
measuring unit. 

According to the present invention, it is preferable that the 
transmission tracking error acquiring unit acquires the transmission 
tracking error based on a ratio of error factors generated in a passage from 
the device-under-test signal being output from the terminal of the device 
under test without the frequency conversion to the device-under-test signal 
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being received by the device-under-test signal measuring unit. 

According to the present invention, a network analyzing method 
includes: a measuring system error factor recording step of recording a 
measuring system error factor generated independently of a frequency 
conversion by a device under test; a correction coefficient output step of 
outputting measured first coefficients and second coefficients of a correction 
frequency converting element wherein a signal output from one terminal is 
represented as a sum of a product of a signal input to the terminal and the 
first coefficient and a product of a signal input to the other terminal and the 
second coefficient, and a ratio of the magnitudes of the second coefficients is 
constant; and a transmission tracking error acquiring step of acquiring a 
transmission tracking error generated by the frequency conversion based on 
the measuring system error factor recorded in the measuring system error 
factor recording step, and the first coefficients and the second coefficients 
output by the correction coefficient output step. 

The present invention is a program of instructions for execution by 
the computer to perform a processing for analyzing a network. The 
processing includes^ a measuring system error factor recording step of 
recording a measuring system error factor generated independently of a 
frequency conversion by a device under test; a correction coefficient output 
step of outputting measured first coefficients and second coefficients of a 
correction frequency converting element wherein a signal output from one 
terminal is represented as a sum of a product of a signal input to the 
terminal and the first coefficient and a product of a signal input to the other 
terminal and the second coefficient, and a ratio of the magnitudes of the 
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second coefficients is constant; and a transmission tracking error acquiring 
step of acquiring a transmission tracking error generated by the frequency 
conversion based on the measuring system error factor recorded in the 
measuring system error factor recording step, and the first coefficients and 
the second coefficients output by the correction coefficient output step. 

The present invention is a computer-readable medium having a 
program of instructions for execution by the computer to perform a 
processing for analyzing a network. The processing includes: a measuring 
system error factor recording step of recording a measuring system error 
factor generated independently of a frequency conversion by a device under 
test; a correction coefficient output step of outputting measured first 
coefficients and second coefficients of a correction frequency converting 
element wherein a signal output from one terminal is represented as a sum 
of a product of a signal input to the terminal and the first coefficient and a 
product of a signal input to the other terminal and the second coefficient, and 
a ratio of the magnitudes of the second coefficients is constant; and a 
transmission tracking error acquiring step of acquiring a transmission 
tracking error generated by the frequency conversion based on the 
measuring system error factor recorded in the measuring system error factor 
recording step, and the first coefficients and the second coefficients output by 
the correction coefficient output step. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a configuration of a network 
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analyzer 1 according to an embodiment of the present invention; 

FIG. 2(a) is a view showing a configuration of the DUT 2, and FIG. 
2(b) shows a relationship among signals input to/output from the first 
terminal 2a and the second terminal 2b; 

FIG. 3(a) shows a state (referred to as forward path) where the input 
signal (frequency f l) is supplied to the DUT 2 via the measuring unit 20 (the 
terminal 14a and the terminal 14b are connected with each other), and FIG. 
3(b) shows a state (referred to as reverse path) where the input signal 
(frequency f2) is supplied to the DUT 2 via the measuring unit 30 (the 
terminal 14a and the terminal 14c are connected with each other); 

FIG. 4 is a functional block diagram showing a configuration of the 
forward path error factor acquiring unit 60; 

FIG. 5 shows a state where the terminal 6a of the calibration tool 6 
and the port 4a are connected with each other; 

FIG. 6 is a signal flow graph representing the state where the 
calibration tool 6 is connected to the port 4a; 

FIG. 7 shows a state where the port 4b is connected to the port 4a; 

FIG. 8 is a signal flow graph representing the state where the port 4b 
is connected to the port 4a," 

FIG. 9 is a functional block diagram showing a configuration of the 
reverse path error factor acquiring unit 70; 

FIG. 10 is a functional block diagram showing a configuration of the 
error factor acquiring unit 90; 

FIG. 11 is a diagram showing a calibration mixer 8 where the 
calibration mixer 8 is connected to the network analyzer L" 

FIG. 12 is a functional block diagram showing a configuration of the 
circuit parameter measuring unit 98; 
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FIG. 13 is a flowchart showing the operation of the embodiment of 
the present invention; 

FIG. 14 is a flowchart showing a procedure to acquire the measuring 
system error factors (Ed, Er, Es, EL, and Et) of the network analyzer K 

FIG. 15 is a flowchart showing a procedure to acquire the M 
parameters of the DUT 2; 

FIG. 16 is a block diagram showing a configuration of a network 
analyzer 1 according to a (first) variation; 

FIG. 17 is a block diagram showing a configuration of a network 
analyzer 1 according to a (second) variation; 

FIG. 18 is a block diagram showing a configuration of the network 
analyzer 1 referred to prove an equation V> 

FIG. 19 is a signal flow graph representing a system of a FWD 
system of the network analyzer 1 shown in FIG. 18; 

FIG. 20 is a signal flow graph representing a system of a REV system 
of the network analyzer 1 shown in FIG. 18; 

FIG. 21 is a signal flow graph obtained by transforming the signal 
flow graph shown in FIG. 19; 

FIG. 22 is a signal flow graph obtained by transforming the signal 
flow graph shown in FIG. 20; 

FIG. 23 is a view showing error factors of a measuring system to 
which the signal flow graph shown in FIG. 21 corresponds; 

FIG. 24 is a view showing error factors of a measuring system to 
which the signal flow graph shown in FIG. 22 corresponds; 

FIG. 25 is a view showing a measurement method of the circuit 
parameters of a device under test (DUT) according to the prior art; 

FIG. 26 shows a signal flow graph relating to the signal source 110 if 
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the frequency f 1 = f2; 

FIG. 27 shows a signal flow graph relating to the signal source 110 if 
the frequency fl is not equal to the frequency £2; and 

FIG. 28 shows a signal flow graph if the signal source 110 and the 
receiving unit 120 are directly connected with each other. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A description will now be given of an embodiment of the present 
invention with reference to drawings. 

FIG. 1 is a block diagram showing a configuration of a network 
analyzer 1 according to the embodiment of the present invention. To the 
network analyzer 1 is connected a DUT (Device Under Test) 2. The network 
analyzer 1 measures circuit parameters such as the S parameters of the 
DUT 2. It should be noted that if a mixer (multiplier) is used as the DUT 2, 
the S parameters are specifically referred to as M parameters. 

FIG. 2(a) is a view showing a configuration of the DUT 2. The DUT 
2 is a mixer (multiplier). The DUT 2 includes a first terminal 2a, a second 
terminal 2b, an RF signal processing unit 2R, an IF signal processing unit 21, 
and a local signal processing unit 2L. 

If a signal al at a frequency fl is input to the first terminal 2a, the 
signal is supplied to the RF signal processing unit 2R. Moreover, to the 
local signal processing unit 2L is supplied a local signal Lo (frequency £Lo). 
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The signal (frequency fl) supplied to the RF signal processing unit 2R and 
the signal (frequency £Lo) supplied to the local signal processing unit 2L are 
mixed, and a resulting signal is output from the IF signal processing unit 21 
via the second terminal 2b as a signal b2 at a frequency f2 (=fl-£Lo). If the 
signal al at the frequency fl is input from the first terminal 2a, a certain 
portion of the signal is reflected without the frequency conversion by the 
DUT 2, and is output from the first terminal 2a as a signal bl at the same 
frequency fl. 

If a signal a2 at a jfrequency f2 is input to the second terminal 2b t the 
signal is supplied to the IF signal processing unit 21. Moreover, to the local 
signal processing unit 2L is supplied the local signal Lo (frequency £Lo). 
The signal (frequency fl) supplied to the RF signal processing unit 2R and 
the signal (frequency fLo) supplied to the local signal processing unit 2L are 
mixed, and a resulting signal is output from the RF signal processing unit 2R 
via the first terminal 2a as a signal bl at the frequency fl (=£2+£Lo). If the 
signal a2 at the frequency f2 is input from the second terminal 2b, a certain 
portion of the signal is reflected without the frequency conversion by the 
DUT 2, and is output from the second terminal 2b as a signal b2 at the same 
frequency f2. 

It should be noted that the signal al at the frequency f 1 is denoted by 

al(fl); the signal a2 at the frequency f2 is denoted by a2(f2); the signal bl at 
the frequency fl is denoted by bl(fl), and the signal b2 at the frequency f2 is 
denoted by b2(f2). 

FIG. 2(b) shows a relationship among signals input to/output from 
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the first terminal 2a and the second terminal 2b. Namely, there hold: 
bl =MllXal+Ml2Xa2 
b2=M21Xal+M22x a 2. 

It should be noted that Mil and M22 are referred to as first 
coefficients, and M12 and M21 are referred to as second coefficients. 

With reference to FIG. 1 again, the network analyzer 1 includes ports 
4a and 4b, a DUT local signal port 4c, a signal source 10, measuring units 20 
and 30, a DUT local signal oscillator 40, switches 52, 54, and 56, a forward 
path error factor acquiring unit 60, and a reverse path error factor acquiring 
unit 70, a measuring system error factor recording unit 80, an error factor 
acquiring unit 90, and a circuit parameter measuring unit 98. 

The port 4a is connected to the measuring unit 20 and the first 
terminal 2a. The port 4a outputs the input signal (frequency fl) from the 
signal source 10 to the first terminal 2a. 

The port 4b is connected to the measuring unit 30 and the second 
terminal 2b. The port 4b outputs the input signal (frequency f2) from the 
signal source 10 to the second terminal 2b. 

The DUT local signal port 4c is connected to the DUT local signal 
oscillator 40. The DUT local signal port 4c supplies the DUT 2 with a DUT 
local signal from the DUT local signal oscillator 40. 

The signal source 10 includes a signal output unit 12, a bridge 13, a 
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switch 14, an internal mixer 16, and a receiver (Rch) 18 (input signal 
measuring means). 

The signal output unit 12 outputs the input signal at the frequency fl 

or £2. 

The bridge 13 supplies the internal mixer 16 and the switch 14 with 
the signal output from the signal output unit 12. The signal supplied by the 
bridge 13 is a signal which has not been influenced by measuring system 
error factors caused by the network analyzer 1. 

The switch 14 includes terminals 14a, 14b, and 14c. The terminal 
14a is connected to the bridge 13, and receives the signal from the bridge 13. 
The terminal 14b is connected to the measuring unit 20, and the terminal 
14c is connected to the measuring unit 30. The terminal 14a is connected to 
the terminal 14b or the terminal 14c. If the terminal 14a and the terminal 
14b are connected with each other, the input signal output from the signal 
output unit 12 is supplied to the measuring unit 20 (the frequency of the 
input signal on this occasion is fl). If the terminal 14a and the terminal 14c 
are connected with each other, the input signal output from the signal output 
unit 12 is supplied to the measuring unit 30 (the frequency of the input 
signal on this occasion is f2). 

The internal mixer 16 mixes the signal supplied from the bridge 13 
with an internal local signal, and outputs the mixed signal. 

The receiver (Rch) 18 (input signal measuring means) measures the 
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S parameters of the signal output from the internal mixer 16. The receiver 
(Rch) 18 thus measures the S parameters relating to the input signal before 
there arises an influence of the measuring system error factors due to the 
network analyzer 1. 

The measuring unit 20 includes a bridge 23, an internal mixer 26, 
and a receiver (Ach) 28 (device-under-test signal measuring means). 

The bridge 23 outputs the signal supplied from the signal source 10 
to the port 4a. Moreover, the bridge 23 receives a signal which has been 
reflected back by the DUT 2, and a signal which has passed the DUT 2 via 
the port 4a, and supplies the internal mixer 26 with the received signal. It 
should be noted that the signal which has been reflected by the DUT 2, and 
the signal which has passed the DUT 2 are referred to as device -under- test 
signal. 

The internal mixer 26 mixes the signal supplied from the bridge 23 
with an internal local signal, and outputs the mixed signal. 

The receiver (Ach) 28 (device-under-test signal measuring means) 
measures the S parameters of the signal output from the internal mixer 26. 
The receiver (Ach) 28 thus measures the S parameters relating to the 
device-under-test signal. 

The measuring unit 30 includes a bridge 33, an internal mixer 36, 
and a receiver (Bch) 38 (device-under-test signal measuring means). 
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The bridge 33 outputs the signal supplied from the signal source 10 
to the port 4b. Moreover, the bridge 23 receives a signal which has been 
reflected back by the DUT 2, and a signal which has passed the DUT 2 via 
the port 4b, and supplies the internal mixer 36 with the received signals. It 
should be noted that the signal which has been reflected by the DUT 2, and 
the signal which has passed the DUT 2 are referred to as device-under-test 
signal. 

The internal mixer 36 mixes the signal supplied from the bridge 33 
with an internal local signal, and outputs the mixed signal. 

The receiver (Bch) 38 (device-under-test signal measuring means) 
measures the S parameters of the signal output from the internal mixer 36. 
The receiver (Bch) 38 thus measures the S parameters relating to the 
device-under-test signal. 

The DUT local signal oscillator 40 supplies the DUT 2 with the local 
signal Lo (frequency fLo). 

A signal flow graph representing the state shown in FIG. 1 is shown 
in FIG. 3. Mil, M21, M12, and M22 are true M parameters (without the 
influence of the measuring system error factor) of the DUT 2. 

FIG. 3(a) shows a state (referred to as forward path) where the input 
signal (frequency f l) is supplied to the DUT 2 via the measuring unit 20 (the 
terminal 14a and the terminal 14b are connected with each other), and FIG. 
3(b) shows a state (referred to as reverse path) where the input signal 
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(frequency f2) is supplied to the DUT 2 via the measuring unit 30 (the 
terminal 14a and the terminal 14c are connected with each other). 

The measuring system error factors for the forward path (refer to 
FIG. 3(a)) include Edl (error caused by the direction of the bridge), Eil, Eol 
(error caused by the frequency tracking), Esl (error caused by the source 
matching), Eg2, and EL2. 

The measuring system error factors for the reverse path (refer to FIG. 
3(b)) include Ed2 (error caused by the direction of the bridge), Ei2, Eo2 (error 
caused by the frequency tracking), Es2 (error caused by the source matching), 
Egl, and ELI. 

The switch 52 supplies any one of the forward path error factor 
acquiring unit 60, the error factor acquiring unit 90, and the circuit 
parameter measuring unit 98 with the measured result by the receiver (Ach) 
28. 

The switch 54 supplies any one of the reverse path error factor 
acquiring unit 70, the error factor acquiring unit 90, and the circuit 
parameter measuring unit 98 with the measured result by the receiver (Bch) 
38. 

The switch 56 supplies any one of the forward path error factor 
acquiring unit 60, the reverse path error factor acquiring unit 70, the error 
factor acquiring unit 90, and the circuit parameter measuring unit 98 with 
the measured result by the receiver (Rch) 18. 
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The forward path error acquiring unit 60 receives the measured 
result by the receiver (Ach) 28 via the switch 52. Moreover, the forward 
path error acquiring unit 60 receives the measured result by the receiver 
(Rch) 18 via the switch 56. The fox-ward path error acquiring unit 60 
acquires Edl, Eil • Eol (=Erl), Esl, and EL2 for the reverse path (refer to 
FIG. 3(a)) based on the measured result by the receiver (Ach) 28 and the 
measured result by the receiver (Rch) 18. 

FIG. 4 is a functional block diagram showing a configuration of the 
forward path error factor acquiring unit 60. The forward path error factor 
acquiring unit 60 includes a switch 62, a first forward path error factor 
acquiring unit 64, and a second forward path error factor acquiring unit 66. 

The switch 62 transmits the measured result by the receiver (Ach) 28 
and the measured result by the receiver (Rch) 18 to the first forward path 
error factor acquiring unit 64 or the second forward path error factor 
acquiring unit 66. Specifically, if a calibration tool 6 (described later) is 
connected to the port 4a, the switch 62 transmits the measured result by the 
receiver (Ach) 28 and the measured result by the receiver (Rch) 18 to the first 
forward path error factor acquiring unit 64. If the port 4b is connected to 
the port 4a, the switch 62 transmits the measured result by the receiver 
(Ach) 28 and the measured result by the receiver (Rch) 18 to the second 
forward path error factor acquiring unit 66. 

The first forward path error factor acquiring unit 64 acquires Edl, 
Eil, Eil • Eol (=Erl), and Esl. FIG. 5 shows a state where the terminal 6a 
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of the calibration tool 6 and the port 4a are connected with each other. The 
calibration tools 6 are well-known calibration tools which realize three types 
of state: open circuit, short circuit, and load (standard load ZO) as described 
in Japanese Laid-Open Patent Publication (Kokai) No. Hll-38054 (patent 
document l). 

A signal flow graph representing the state where the calibration tool 
6 is connected to the port 4a is shown in FIG. 6. In FIG. 6, the measured 
result by the receiver (Rch) 18 is Rl (fl), and the measured result by the 
receiver (Ach) 28 is Al (fl). A relationship between Rl(fl) and Al(fl) is 
represented by the following equation. 



On this occasion, since three types of the calibration tool 6 are to be 
connected, there are acquired three types of the combination of Rl(fl) and 
Al(flX As a result, obtained variables are three types of variable: Edl, 
Eil -Eol(-Erl), andEsl. 

The second forward path error factor acquiring unit 66 receives Edl, 
Eil * Eol O^Erl), and Esl from the first forward path error factor acquiring 
unit 64, and receives the measured result by the receiver (Ach) 28 and the 
measured result by the receiver (Rch) 18 via the switch 62. The second 
forward path error factor acquiring unit 66 then acquires EL2. 



[EQU. 1] 



ErVX 
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FIG. 7 shows a state where the port 4b is connected to the port 4a. A 
signal flow graph representing the state where the port 4b is connected to 
the port 4a is shown in FIG. 8. In FIG. 7, the measured result by the 
receiver (Rch) 18 is Rl (fl), and the measured result by the receiver (Ach) 28 
is Al (fl). It is assumed that the input signal (frequency fl) is output from 
the port 4a via the measuring unit 20. A relationship between Rl(fl) and 
Al(fl) is represented by the following equation. 



On this occasion, Edl, Erl, and Esl are known, and EL2 can thus be 
acquired. The second forward path error factor acquiring unit 66 outputs 
Edl, Eil • Eol (=Erl), Esl, and EL2 to the measuring system error factor 
recording unit 80. 

The reverse path error factor acquiring unit 70 receives the 
measured result by the receiver (Bch) 38 via the switch 54. Moreover, the 
reverse path error factor acquiring unit 70 receives the measured result by 
the receiver (Rch) 18 via the switch 56. The reverse path error factor 
acquiring unit 70 acquires Ed2, Ei2 • Eo2 (=Er2), Es2, and ELl for the 
reverse path (refer to FIG. 3(b)) based on the measured result by the receiver 
(Bch) 38 and the measured result by the receiver (Rch) 18. 



[EQU. 2] 



AljfT) 
Rl(fl) 



= Edl + 



1- Esl- ELI 



Erl- ELI 
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FIG. 9 is a functional block diagram showing- a configuration of the 
reverse path error factor acquiring unit 70. The reverse path error factor 
acquiring unit 70 includes a switch 72, a first reverse path error factor 
acquiring unit 74, and a second reverse path error factor acquiring unit 76. 

The switch 72 transmits the measured result by the receiver (Bch) 38 
and the measured result by the receiver (Rch) 18 to the first reverse path 
error factor acquiring unit 74 or the second reverse path error factor 
acquiring unit 76. Specifically, if the calibration tool 6 is connected to the 
port 4b, the switch 72 transmits the measured result by the receiver (Bch) 38 
and the measured result by the receiver (Rch) 18 to the first reverse path 
error factor acquiring unit 74. If the port 4b is connected to the port 4a, the 
switch 72 transmits the measured result by the receiver (Bch) 38 and the 
measured result by the receiver (Rch) 18 to the second reverse path error 
factor acquiring unit 76. 

The first reverse path error factor acquiring unit 74 acquires Ed2, 
Ei2, and Ei2 * Eo2 (=Er2), and Es2 . The calibration tool 6 is described before, 
and a detailed description thereof, therefore, is omitted. On this occasion, if 
the measured result by the receiver (Rch) 18 is R2(f2), and the measured 
result by the receiver (Bch) 38 is B2(f2), a relationship between R2(f2) and 
B2(f2) is represented by the following equation. 



[EQU. 3] 
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R2(f2) 



= Ed2 + 



l-Es2X 



Er2X 



On this occasion, since three types of the calibration tool 6 are to be 
connected, there are acquired three types of the combination of R2(£2) and 
B2(f2). As a result, the acquired variables are three types of variable : Ed2, 
Ei2 • Eo2 (=Er2), and Es2. 

The second reverse path error factor acquiring unit 76 receives Ed2, 
Ei2 * Eo2 (=Er2), and Es2 from the first reverse path error factor acquiring 
unit 74, and receives the measured result of the receiver (Bch) 38 and the 
measured result of the receiver (Rch) 18 via the switch 72. The second 
reverse path error factor acquiring unit 76 then acquires ELL 

On this occasion, if the measured result by the receiver (Rch) 18 is 
R2(f2), and the measured result by the receiver (Bch) 38 is B2(f2), a 
relationship between R2(f2) and B2(f2) is represented by the following 
equation. It is assumed that the input signal (frequency f2) is output from 
the port 4b via the measuring unit 30. 



On this occasion, Ed2, Er2, and Es2 are known, and ELI can thus be 



[EQU. 4] 




R2(f2) 



l~-Es2ELl 
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acquired. The second reverse path error factor acquiring' unit 76 outputs 
Ed2, Ei2 • Eo2 (=Er2), Es2, and ELI to the measuring system error factor 
recording unit 80. 

The measuring system error factor recording unit 80 receives and 
records Edl, Eil • Eol (=Erl), Esl, and EL2 from the forward path error 
factor acquiring unit 60, and Ed2, Ei2 • Eo2 (=Er2), Es2, and ELI from the 
reverse path error factor acquiring unit 70. Edl, Erl, Esl, EL2, Ed2, Er2, 
Es2, and ELI are the measuring system error factors generated 
independently of the frequency conversion by the device under test. 

The error factor acquiring unit 90 acquires the transmission tracking 
errors generated by the frequency conversion. It should be noted that the 
transmission tracking errors Et21 and Etl2 are respectively defined as Et2l 
= Eil * Eg2 and Etl2 = Ei2 * Egl. The transmission tracking error is a 
measuring system error factor generated by the frequency conversion by the 
device under test. 

Moreover, on acquiring the transmission tracking errors, a 
calibration mixer 8 is connected to the network analyzer 1 as shown in FIG. 
11. The calibration mixer 8 is approximately the same as the DUT 2. 
However, it should be noted that if the first coefficients are Mil' and M22\ 
and the second coefficients are M 12' and M21\ the ratio IM12'i to IM2TI is 
constant, and if a bidirectional mixer is used as the calibration mixer 8, 
iM12'| = !M21'|. 

To this calibration mixer 8 is supplied the input signal (frequency f l) 
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via the measuring unit 20, and is then supphed the input signal (frequency 
f2) via the measuring unit 30, and the transmission tracking errors are 
acquired based on the measured result by the receiver (Rch) 18, the 
measured result by the receiver (Ach) 28, and the measured result by the 
receiver (Bch) 38. 

FIG. 10 is a functional block diagram showing a configuration of the 
error factor acquiring unit 90. The error factor acquiring unit 90 includes a 
measuring system error factor reading out unit 910, a switch 922, a forward 
path measured data acquiring unit 924, a reverse path measured data 
acquiring unit 926, a circuit parameter acquiring unit (calibration coefficient 
output means) 928, and a transmission tracking error acquiring unit 930. 

The measuring system error factor reading out unit 910 reads out 
Edl, Erl, Esl, EL2, Ed2, Er2, Es2, and ELI from the measuring system 
error factor recording unit 80, and outputs them to the transmission tracking 
error acquiring unit 930. 

The switch 922 transmits the measured result by the receiver (Rch) 
18, the measured result by the receiver (Ach) 28, and the measured result by 
the receiver (Bch) 38 to the forward path measured data acquiring unit 924 
or the reverse path measured data acquiring unit 926. Specifically, if the 
input sigual (frequency fl) is supphed via the measuring unit 20 (the 
terminal 14a and the terminal 14b are connected with each other), the 
measured result is transmitted to the forward path measured data acquiring 
unit 924. If the input signal (frequency f2) is supphed via the measuring 
unit 30 (the terminal 14a and the terminal 14c are connected with each 
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other), the measured result is transmitted to the reverse path measured data 
acquiring unit 926. 

The forward path measured data acquiring unit 924 outputs the 
measured result by the receiver (Rch) 18, the measured result by the receiver 
(Ach) 28, and the measured result by the receiver (Bch) 38 received from the 
switch 922 respectively as Rl(fl), Al(fl), and Bl(f2) to the circuit parameter 
acquiring unit 928. 

The reverse path measured data acquiring unit 926 outputs the 
measured result by the receiver (Rch) 18, the measured result by the receiver 
(Ach) 28, and the measured result by the receiver (Bch) 38 received from the 
switch 922 respectively as R2(f2), A2(fl), and B2(f2) to the circuit parameter 
acquiring unit 928. 

The circuit parameter acquiring unit (calibration coefficient output 
means) 928 acquires the M parameters of the calibration mixer 8 based on 
the Rl(flX Al(fl), and Bl(£2) received from the forward path measured data 
acquiring unit 924, and R2(f2), A2(fl), and B2(f2) received from the reverse 
path measured data acquiring unit 926. 

If the M parameters acquired by the circuit parameter acquiring unit 
928 are denoted by Mllm', Ml2m', M21m', and M22m', 



Mllm' 



Al(fl)/Rl(fl), 



M12m' 



M21m' 



A2(fl)/R2(f2), 
Bl(f2)/Rl(fl), and 



M22m' 



B2(f2)/R2(f2). 
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The transmission tracking error acquiring unit 930 receives the M 
parameters' Mllm', M12m\ M21m ; , and M22m', of the calibration mixer 8 
acquired by the circuit parameter acquiring unit 928, and Edl, Erl, Esl, 
EL2, Ed2, Er2, Es2, and ELl read out by the measuring system error factor 
reading out unit 910, thereby acquiring the transmission tracking errors 
Et21 andEtl2. 

First, detailed analysis of the network analyzer 1 reveals that there 
exists a relationship represented by the following equation (l). The proof 
thereof will be given later. Moreover, the capital L included in "ELI" and 
"EL2" is denoted by T. 



If there is designated as- X = Eo2/Eol, the transmission tracking 
errors Et21 and Etl2 are represented by the following equation 2. 
Moreover, the capital L included in "ELI" and "EL2" is denoted by T. 



EEQU. 5] 




(equation l) 



[EQU. 6] 




(equation 2) 
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Eol is an error factor generated in a passage from the 
device-under-test signal being output from the first terminal 2a of the DUT 2 
without the frequency conversion to the device-under-test signal being 
received by the receiver (Ach) 28. Eo2 is an error factor generated in a 
passage from the device-under-test signal being output from the second 
terminal 2b of the DUT 2 without the frequency conversion to the 
device-under-test signal being received by the receiver (Bch) 38. 

As Edl, Erl, Esl, ELI, Ed2, Er2, Es2, and EL2, those read out by the 
measuring system error factor reading out unit 910 can be used. Thus, if X 
is known, it is possible to acquire transmission tracking errors Et21 and 
Etl2. 

On this occasion, there holds a relationship as expressed by the 
following equation 3 between the M parameters: Mil', M12', M21\ and M22' 
of the calibration mixer 8 and the measured results of the M parameters^ 
Mllm', M12m', M21m', and M22m' acquired by the circuit parameter 
acquiring unit 928. It should be noted that " ' " (prime) such as one used in 
"MIT " is omitted, and 'Mil' " is thus denoted by "Mil", for example. 
Moreover, the capital L included in "ELI" and "EL2" is denoted by T. 



EEQU. 7] 




- Ed 2 



(equation 3) 
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By applying: the equation 2 to the equation 3, M217M12' is acquired 
as expressed by the following- equation 4. It should be noted that " ' " 
(prime) such as one used in "Mil' " is omitted, and "Mil' " is thus denoted by 
"Mil", for example. Moreover, the capital L included in "ELI" and "EL2" is 
denoted by T. 

[EQU. 8] 



^u— L \ (equation 4) 

Ml2 X ~ M n J^-Ed 2 ^^iM nm -Ed^ Sl -El^ 



On this occasion, |Ml2'| = |M21'j , and there thus holds M12'=M21' 
Xe e . It should be noted that 6 is a constant determined by the phase of 
the local signal Lo. The equation 4 is solved for X, and the following 
equation 5 is consequently acquired. It should be noted that " ' " (prime) 
such as one used in 'Mil' " is omitted, and 'Mil' " is thus denoted by 'Mil", 
for example. Moreover, the capital L included in "ELI" and "EL2" is 
denoted by T. 

[EQU. 9] 



M 2lm 




Er 2+ {M 22m -Ed 2 \Es 2 -El 2 )\ 


M l2m 




[Er I+ (A/ llm -£rf l X& l -£/ l )] 



(equation 5) 



It should be noted that it is possible to acquire 9 in the equation 5 
while an arbitrary time point in a period during which the forward path 
error factor acquiring unit 60 or the reverse path error factor acquiring unit 
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70 is acquiring the measuring system error factors is designated as a 
reference, and 9 at this reference time point is designated as 0. 

Consequently, X is acquired based on Edl, Erl, Esl, ELI, Ed2, Er2, 
Es2, and EL2 recorded in the measuring system error factor recording unit 
80, and the M parameters: Mllm', M12m', M21m', and M22m' of the 
calibration mixer 8 acquired by the circuit parameter acquiring unit 
(calibration coefficient output means) 928 (equation 5), and the transmission 
tracking errors Et21 and Etl2 are acquired based on X (equation 2). 

The circuit parameter measuring unit 98 acquires the true M 
parameters of the DUT 2. The true M parameters imply M parameters 
from which the influence of the error factors is eliminated. 

Moreover, when the true M parameters of the DUT 2 are acquired, 
the DUT 2 is connected to the network analyzer 1 as shown in FIG. 1. To 
the DUT 2 is supplied the input signal (frequency f l) via the measuring unit 
20, and is then supplied the input signal (frequency f2) via the measuring 
unit 30, and the true M parameters of the DUT 2 are acquired based on the 
measured result by the receiver (Rch) 18, the measured result by the receiver 
(Ach) 28 and the measured result by the receiver (Bch) 38. 

FIG. 12 is a functional block diagram showing a configuration of the 
circuit parameter measuring unit 98. The circuit parameter measuring 
unit 98 includes a measuring system error factor reading out unit 980, a 
switch 982, a forward path measured data acquiring unit 984, a reverse path 
measured data acquiring unit 986, a circuit parameter acquiring unit 988, 
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and a true-value circuit parameter acquiring unit 989. 

The measuring system error factor reading out unit 980 reads out 
Edl, Erl, Esl, EL2, Ed2, Er2, Es2, and ELI from the measuring system 
error factor recording unit 80, and outputs them to the true-value circuit 
parameter acquiring unit 989. 

The switch 982 transmits the measured result by the receiver (Rch) 
18, the measured result by the receiver (Ach) 28, and the measured result by 
the receiver (Bch) 38 to the forward path measured data acquiring unit 984, 
or the reverse path measured data acquiring unit 986. Specifically, if the 
input signal (frequency fl) is supplied via the measuring unit 20 (the 
terminal 14a and the terminal 14b are connected with each other), the 
measured result is transmitted to the forward path measured data acquiring 
unit 984. If the input signal (frequency f2) is supplied via the measuring 
unit 30 (the terminal 14a and the terminal 14c are connected with each 
other), the measured result is transmitted to the reverse path measured data 
acquiring unit 986. 

The forward path measured data acquiring unit 984 outputs the 
measured result by the receiver (Rch) 18, the measured result by the receiver 
(Ach) 28, and the measured result by the receiver (Bch) 38 received from the 
switch 982 respectively as Rl(fl), Al(fl), and Bl(f2) to the circuit parameter 
acquiring unit 988. 

The reverse path measured data acquiring unit 986 outputs the 
measured result by the receiver (Rch) 18, the measured result by the receiver 
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(Ach) 28, and the measured result by the receiver (Bch) 38 received from the 
switch 982 respectively as R2(£2), A2(fl), and B2(f2) to the circuit parameter 
acquiring unit 988. 

The circuit parameter acquiring unit 988 acquires the M parameters 
of the DUT 2 based on Rl(fl), AlCfl), and Bl(f2) received from the forward 
path measured data acquiring unit 984, and R2(£2), A2(fl), and B2(£2) 
received from the reverse path measured data acquiring unit 986. 

If the M parameters acquired by the circuit parameter acquiring unit 
988 are Mllm, M12m, M21m, and M22m, 
Mllm =Al(fl)/Rl(fl) ) 
Ml2m=A2(fl)/R2(f2), 
M21m ~ Bl(£2)/Rl(fl), and 
M22m = B2(f2)/R2(£2). 

The true value circuit parameter acquiring unit 989 receives the M 
parameters: Mllm, Ml2m, M21m, and M22m of the DUT 2 acquired by the 
circuit parameter acquiring unit 988, Edl, Erl, Esl, EL2, Ed2, Er2, Es2, and 
ELI read out by the measuring system error factor reading out unit 980, and 
the transmission tracking errors Et21 and Etl2 acquired by the error factor 
acquiring unit 90, and then acquires the true M parameters: Mil, M12, M21, 
and M22 of the DUT 2. 

The true M parameters: Mil, M12, M21, and M22 of the DUT 2 can 
be acquired according to the equation 3. 
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A description will now be given of an operation of the embodiment of 
the present invention. FIG. 13 is a flowchart showing the operation of the 
embodiment of the present invention. 

First, the measuring system error factors (Ed, Er, Es, EL, and Et) of 
the network analyzer 1 are acquired (S10). It should be noted that Ed 
comprehensively represents Edl and Ed2; Er comprehensively represents 
Erl and Er2; Es comprehensively represents Esl and Es2; EL 
comprehensively represents ELl and EL2; and Et comprehensively 
represents Et21 and Etl2. 

The DUT 2 is connected to the network analyzer 1, and the M 
parameters of the DUT 2 are measured (S20). 

FIG. 14 is a flowchart showing a procedure to acquire the measuring 
system error factors (Ed, Er, Es, EL, and Et) of the network analyzer 1. 

First, the calibration tool 6 is used to measure Ed, Er, and Es (S102). 

In more detail, the three types (open circuit, short circuit, and load 
(standard load ZO)) of the calibration tool 6 are first connected to the port 4a. 
On this occasion, the measured result by the receiver (Ach) 28 and the 
measured result by the receiver (Rch) 18 are supplied to the first forward 
path error factor acquiring unit 64 via the switch 62. The first forward path 
error factor acquiring unit 64 acquires Edl, Erl, and Esl. 



The three types (open circuit, short circuit, and load (standard load 
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ZO)) of the calibration tool 6 are then connected to the port 4b. On this 
occasion, the measured result by the receiver (Bch) 38, and the measured 
result by the receiver (Rch) 18 are supplied to the first reverse path error 
factor acquiring unit 74 via the switch 72. The first reverse path error 
factor acquiring unit 74 acquires Ed2, Er2, and Es2. 

The port 4a and the port 4b are then directly connected with each 
other, and EL is then measured (S104). 

In more detail, the input signal (frequency fl) is output from the port 
4a via the measuring unit 20. On this occasion, the measured result by the 
receiver (Ach) 28 and the measured result by the receiver (Rch) 18 are 
supplied to the second forward path error factor acquiring unit 66 via the 
switch 62. The second forward path error factor acquiring unit 66 acquires 
EL2. The second forward path error factor acquiring unit 66 outputs Edl, 
Erl, Esl, and EL2 to the measuring system error factor recording unit 80. 

The input signal (frequency £2) is then output from the port 4b via 
the measuring unit 30. On this occasion, the measured result by the 
receiver (Bch) 38 and the measured result by the receiver (Rch) 18 are 
supplied to the second reverse path error factor acquiring unit 76 via the 
switch 72. The second reverse path error factor acquiring unit 76 acquires 
ELI. The second reverse path error factor acquiring unit 76 outputs Ed2, 
Er2, Es2, and ELI to the measuring system error factor recording unit 80. 

The calibration mixer 8 is then connected to the network analyzer 1, 
and R, A, and B are measured (S106). It should be noted that R 
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comprehensively represents Rl(fl) and R2(f2); A comprehensively represents 
Al(fl) and A2(fl); and B comprehensively represents Bl(f2) and B2(f2). 

In more detail, the input signal (frequency fl) is supplied via the 
measuring unit 20. On this occasion, the measured result by the receiver 
(Rch) 18, the measured result by the receiver (Ach) 28, and the measured 
result by the receiver (Bch) 38 are supplied to the forward path measured 
data acquiring unit 924 via the switch 922. The forward path measured 
data acquiring unit 924 outputs Rl(fl), Al(fl), and Bl(f2) to the circuit 
parameter acquiring unit 928. 

The input signal (frequency £2) is then supplied via the measuring 
unit 30. On this occasion, the measured result by the receiver (Rch) 18, the 
measured result by the receiver (Ach) 28, and the measured result by the 
receiver (Bch) 38 are supplied to the reverse path measured data acquiring 
unit 926 via the switch 922. The reverse path measured data acquiring unit 
926 outputs R2(f2), A2(f l), and B2(f2) to the circuit parameter acquiring unit 
928. 

The circuit parameter acquiring unit 928 acquires the M parameters : 
Mllm', M12m\ M21m', and M22m' of the calibration mixer 8. 

The transmission tracking error acquiring unit 930 finally receives 
the M parameters: Mllm', M12m', M21m', and M22m\ of the calibration 
mixer 8 acquired by the circuit parameter acquiring unit 928, and Edl, Erl, 
Esl, EL2, Ed2, Er2, Es2, and ELI read out by the measuring system error 
factor reading out unit 910, thereby acquiring transmission tracking errors 
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Et21 andEtl2 (S108). 

Specifically, the transmission tracking errors Et21 and Etl2 are 
acquired by acquiring X according to the equation 5, and assigning X to the 
equation 2. 

FIG. 15 is a flowchart showing a procedure to acquire the M 
parameters of the DUT 2. 

The DUT 2 is first connected to the network analyzer 1 and R, A, and 
B are measured (S202). 

In more detail, the input signal (frequency fl) is supplied via the 
measuring unit 20. On this occasion, the measured result by the receiver 
(Rch) 18, the measured result by the receiver (Ach) 28, and the measured 
result by the receiver (Bch) 38 are supplied to the forward path measured 
data acquiring unit 984 via the switch 982. The forward path measured 
data acquiring unit 984 outputs Rl(fl), Al(fl), and Bl(f2) to the circuit 
parameter acquiring unit 988. 

The input signal (frequency f2) is supplied via the measuring unit 30. 
On this occasion, the measured result by the receiver (Rch) 18, the measured 
result by the receiver (Ach) 28, and the measured result by the receiver (Bch) 
38 are supplied to the reverse path measured data acquiring unit 986 via the 
switch 982. The reverse path measured data acquiring unit 986 outputs 
R2(f2) ; A2(fl), and B2(f2) to the circuit parameter acquiring unit 988. 
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The circuit parameter acquiring- unit 988 then determines the M 
parameters: Mllm, M12m, M21m, andM22m of the DUT 2 (S204). 

The true value circuit parameter acquiring unit 989 finally receives 
the M parameters: Mllm, M12m, M21m f and M22m of the DUT 2 acquired 
by the circuit parameter acquiring unit 988, Edl, Erl, Esl, EL2, Ed2, Er2, 
Es2, and ELI read out by the measuring system error factor reading out unit 
980, and the transmission tracking errors: Et21 and Etl2 acquired by the 
error factor acquiring unit 90, and then acquires the true M parameters: Mil, 
M12, M21, and M22 of the DUT 2 (S206). 

According to the present embodiment, in order to acquire the 
transmission tracking errors Et21 and Etl2, there are carried out the 
processes for acquiring the phase: (i) the calibration tool 6 is connected to 
the port 4a, and, then, the calibration tool 6 is connected to the port 4b, (2) 
the port 4a and the port 4b are directly connected with each other, and (3) 
the calibration mixer 8 is connected to the port 4a and port 4b, the phases of 
the transmission tracking errors can be acquired, and the errors of the 
measuring system can be corrected. 

It should be noted that, according to the embodiment of the present 
invention, there is described the case where the network analyzer 1 outputs 
the input signal, and there are provided two ports (ports 4a and 4b) used to 
receive the device-under-test signals from the DUT 2. However, there may 
be three or more of these ports. 

For example, as shown in FIG. 16, there may be ports 4d and 4e in 



36 



FADT0502PCT 



addition to the ports 4a and 4b. A (first) variation shown in FIG. 16 has 
such a configuration that the ports 4d and 4e, terminals 14d and 14e of the 
switch 14, bridges 123 and 133, internal mixers 126 and 136, a receiver (Dch) 
128 (device-vtndertest signal measuring means), and a receiver (Cch) 138 
(device-under-test signal measuring means) are added to the network 
analyzer 1. The other parts remain as described above. It should be noted 
that, for the sake of illustration, in FIG. 16 are not shown the DUT local 
signal oscillator 40, the switches 52, 54, and 56, the forward path error factor 
acquiring unit 60, the reverse path error factor acquiring unit 70, the 
measuring system error factor recording unit 80, the error factor acquiring 
unit 90, and the circuit parameter measuring unit 98. 

The terminals 14d and 14e of the switch 14 are connected to the 
bridges 133 and 123. 

The bridges 123 and 133 output the signal supplied by the signal 
source 10 respectively to the ports 4e and 4d. Moreover, the bridges 123 and 
133 receive a signal which has been reflected back by the device under test, 
and a signal which has passed the device under test respectively via the port 
4e and 4d, and supply respectively the internal mixers 126 and 136 with the 
received signals. 

The internal mixers 126 and 136 mix the signal supplied respectively 
from the bridges 123 and 133 with an internal local signal, and respectively 
output the mixed signal. 

The receiver (Dch) 128 and the receiver (Cch) 138 respectively 
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measure the S parameters of the signal output from the internal mixers 126 
and 136. 

For example, as shown in FIG. 17, there may be ports 4d and 4e in 
addition to the ports 4a and 4b. A (second) variation shown in FIG. 17 has 
such a configuration that from the (first) variation shown in FIG. 16 are 
removed the bridge 13, the internal mixer 16, and the receiver (Rch) 18, and 
there are added bridges 13b, 13c, 13d, and I3e, internal mixers 16b, 16c, 16d, 
and 16e, receivers (Rch) 18b, 18e, 18d, and 18e in place of them. It should 
be noted that, for the sake of illustration, in FIG. 17 are not shown the DUT 
local signal oscillator 40, the switches 52, 54, and 56, the forward path error 
factor acquiring unit 60, the reverse path error factor acquiring unit 70, the 
measuring system error factor recording unit 80, the error factor acquiring 
unit 90, and the circuit parameter measuring unit 98. 

The terminals 14b, 14c, 14d, and 14e of the switch 14 are respectively 
connected to the bridges 13b, 13c, 13d, and I3e. 

The bridges 13b, 13c, 13 d, and 13e respectively output a signal 
supplied from the signal source 10 to the ports 4a, 4b, 4d, and 4e via the 
bridges 23, 33, 133, and 123. Moreover, the bridges 23, 33, 133, and 123 
receive a signal which has been reflected back by the device under test and a 
signal which has passed the device under test respectively via the ports 4a, 
4b, 4d and 4e, and supplie respectively the internal mixers 16b, 16c, 16d, and 
16e with the received signals. 

The internal mixers 16b, 16c, 16d, and 16e mix the signal supplied by 
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the bridges 13b, 13c, 13d, and 13e with an internal local signal, and output 
the mixed signals. 

The receiver (Rch) 18b, 18c, 18d, and 18e respectively measure the S 
parameters of the signal output from the internal mixers 16b, 16c, 16d, and 
16e. 

According to the (second) variation shown in FIG. 17, there hold 
Esl=ELl, Es2=EL2, and the measurement and arithmetic operation are 
thus become easier. 

Moreover, the above -described embodiment may be realized in the 
following manner. Namely, a computer is provided with a CPU, a hard disk, 
and a media (such as a floppy disk (registered trade mark) and a CD-ROM) 
reader, and the media reader is caused to read a medium recording a 
program realizing the above-described respective parts (such as the forward 
path error factor acquiring unit 60, the reverse path error factor acquiring 
unit 70, the measuring system error factor recording unit 80, and the error 
factor acquiring unit 90), thereby installing the program on the hard disk. 
This method may also realize the above-described embodiments. 

[Proof of Equation l] 

A path from SGI to Port 1 is divided into blocks A, B, and C as shown 
in FIG. 18. If the SW is switched between l: an FWD side (the signal is 
output), and 2- an REV side (the signal is not output), only the state of the C 
block changes. 
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On this occasion, if" 

the reflection coefficient and the transmission coefficient of the A 
block are Ax and Ay, 

the S parameters of the B block: are Bij (i, j = 1, 2, 3), 

the reflection coefficient and the transmission coefficient of the C 
block if the SW is on "l: FWD side" are Cx and Cy, and 

the reflection coefficient of the C block if the SW is on "2: REV side" is 

Cz, 

an FWD system is represented by a signal flow graph shown in FIG. 
19, and an REV system is represented by a signal flow graph shown in FIG. 
20. 

On this occasion, there are considered only dependencies of the 
detected values by the receivers and the signals at the Port 1, namely, 

Rl(fl), Al(fl), A2(fl), al(fl), blCfl), al"(fl), and bl"(fl), 
by summarizing the variables, the signal flow graph shown in FIG. 19 is 
transformed into one in FIG. 21, and the signal flow graph shown in FIG. 20 
is transformed into one in FIG. 22. 

Though Pll, P21, P12, P22, Qx, and Qy are respectively functions of 
Bij (i, j = 1, 2, 3), Ax, and Ay, equations which describe these functions are not 
used in subsequent calculation, and are thus not explicitly described. 

The signal flow graph shown in FIG. 21 corresponds to the error 
factors of the measuring system shown in FIG. 23. The signal flow graph 
shown in FIG. 22 corresponds to the error factors of the measuring system 
shown in FIG. 24. 
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Therefore, the correspondences are represented by the following 
equations. 

[EQU. 10] 



FWD : 




Ed =Cy - 


c x Qx 


£>-, -Pn+Pu. 


Cx 


l-P n Cx F * 


ELmCy P n 


Eo { -Qy + P n 


Cx „ 


Qx 


REV: 




El l -P 21 *P l2 


Cz Pu 


l-P n Cx - l 


E Sl -Qy + P n 


Cz Q* 


l-P u Cz^ 



The equations are thus calculated as follows. 
[EQU. 11] 



K, " " ' " PnQX (l-P n Cx£\-P n Cz) 
Cx-Cz 



Eo l ~Eg l ==-- = P n Q 



{l-P n Cxl\-P n Cz) 



„ , Es, -EL 

Ely 



[End of Proof of Equation l] 
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